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© Array of field emission cathodes. 



© The array of field emission cathodes of the type 
in which qach element is made up of a substrate 
serving as a first electrode (1) comprises an insulat- 
ing layer (2) in which a cavity (6) is formed, a 
cathode (9) formed in said cavity (6) and on the first 
electrode (1), and a second electrode (3) formed on 
the insulating layer (2). The second electrode (3) is 
coated with a protective metal layer (13) having 
good conductivity and corrosion resistance. The sec- 
ond electrode (3), i.e. the gate electrode is thus 
protected from oxidation and permits stable electron 
emission. 

Also disclosed is an array of field emission cath- 
odes in which each element is made up of a first 
electrode (11) to apply voltage to a plurality of 
cathodes (9), a resistance layer (12), an insulating 
layer (2), and a second electrode (3) which are 
formed on top of the other. A cavity (6) is formed in 
the second electrode (3). i.e. the gate electrode and 
the insulating layer (2), and a cathode (9) is placed 
in each cavity (6) and on the resistance layer (12), 
with the first electrode (11) having a void under the 
respective cathode (9). This structure prevents short 



circuits between the cathode (9) and the gate elec- 
trode (3). which contributes to high yields and long 
life. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to an array of 
field emission cathodes. 

2. Description of the Prior Art: 

There is an array of minute field emission 
cathodes, each element having a cathode of sev- 
eral microns in size. It is known as the Spindt-type 
field emission cathode, which will be explained with 
reference to Fig. 11. 

Referring to Fig. 11, there is shown an elec- 
trically conductive substrate 1 made of silicon or 
the like, which serves as a first electrode. On the 
substrate 1 is a sharply pointed conical cathode 9 
made of such a metal as tungsten and molyb- 
denum, which has a high melting point and a low 
work function. Around the conical cathode 9 is an 
insulating layer 2 made of Si02 or the like. On the 
insulating layer 2 is a second electrode 3 (as a 
gate electrode or a counter electrode of the cath- 
ode 9) made of a high-melting metal such as 
molybdenum, tungsten, and chromium. There is an 
alternative structure in which a first electrode 1 1 is 
formed separately on a substrate 10 as shown in 
Fig. 12. 

An array of field emission cathodes mentioned 
above is produced by the process explained below 
with reference to Fig. 13. As shown in Fig. 13A, the 
process starts with forming consecutively on a sili- 
con substrate 1 an insulating layer 2 of SiCfe (1-1.5 
urn thick) by CVD (chemical vapor deposition), a 
metal layer 3a of a high-melting metal such as 
molybdenum and tungsten (in thickness of the or- 
der of thousands of angstroms, say 4000 A) by 
vacuum deposition or sputtering, and a resist 4 by 
coating. 

As shown in Fig. 13B, the resist 4 is subse- 
quently exposed and developed by photolithog- 
raphy to form an opening 5a, about 1 urn in 
diameter 1 (indicated by w). The metal layer 3a un- 
dergoes anisotropic etching through the opening 5a 
by RIE (reactive ion etching) to form an opening 5 
of the same diameter as the opening 5a. Thus 
there is formed a gate electrode 23 from the metal 
layer 3a. The insulating layer 2 undergoes over- 
etching through the opening 5 to form a cavity 6. 
This over-etching is carried out such that the pe- 
riphery of the opening 5 of the gate electrode 23 
projects from the inside wall of the cavity 6 in the 
insulating layer 2. 

As shown in Fig. 13C. an intermediate layer 7 
is formed on the gate electrode 23 by oblique 
deposition in the direction of arrow a (at such an 
angle as to avoid deposition in the opening 5 and 
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cavity 6), with the substrate 1 turning. This inter- 
mediate layer 7 is made of aluminum or nickel, 
which can be removed later by etching. The angle 
of oblique etching should be 5-20 * with respect to 
s the surface of the substrate 1 . The oblique deposi- 
tion takes place such that the intermediate layer 7 
has an opening which is smaller than the opening 
5. 

As shown in Fig. 13D, a material layer 8 of 
io molybdenum or the like is deposited over the en- 
tire surface by vertical deposition so as to form a 
conical cathode 9 in the cavity 6. (Since the open- 
ing in the intermediate layer 7 is smaller than the 
opening 5 on account of the oblique deposition, the 
75 opening of the material layer 8 becomes smaller as 
the deposition proceeds. This makes the cathode 9 
being formed on the substrate by deposition 
through the opening 5 become tapered off with 
time.) 

20 Finally, the material layer 8 is removed by lift- 

off as the intermediate layer 7 is removed by 
etching with a sodium hydroxide solution which 
dissolves the intermediate layer 7 alone. Thus 
there is obtained a field emission cathode as 

25 shown in Fig. 1 1 . 

The thus formed field emission* cathode emits 
electrons upon application of a voltage of about 10* 
V/cm or above across the cathode 9 and the gate 
electrode (or the second electrode 3). with the 

30 cathode 9 unheated. This kind of minute field emis- 
sion cathode can operate at a comparatively low 
voltage, with the gate voltage being of the order of 
tens to hundreds of volts. An array of hundreds of 
millions of such field emission cathodes arranged 

35 at intervals of about 10 um may be used as 
electron guns for a thin display that operates at a 
low voltage (or with a low electric power). 

A disadvantage of the foregoing field emission 
cathodes is that the gate electrode 23 made of a 

40 high-melting metal such as molybdenum, tungsten, 
and chromium is liable to oxidation, which lowers 
its conductivity and hence leads to unstable elec- 
tron emission. 

Another disadvantage of the foregoing field 

45 emission cathodes is that the intermediate layer 7 
made of aluminum or nickel is not completely 
removed from the gate electrode 23 by wet etch- 
ing, but some residues (which are electrically con- 
ductive) remain undissolved. Residues remaining 

so on the gate electrode 23 may adversely affect the 
electron emission characteristics and cut-off char- 
acteristics, or short-circuit the gate electrode 23 
and the cathode 9. This leads to an increase in 
defective products and a decrease in yields. 

55 The present inventors had previously proposed 

a process for producing an array of field emission 
cathodes without using the oblique deposition. (See 
Japanese Patent Laid-open No. 160740/1981.) This 
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process consists of covering the obverse of a sub- 
strate of silicon single crystal with a masking layer 
having a patterned opening, performing crystallog- 
raphic etching through the opening, thereby for- 
ming a conical hole, forming an electrode layer on 
the inside of the conical hole by vacuum deposition 
or sputtering of tungsten or the like, filling the 
conical hole with an insulating reinforcement ma- 
terial, performing ordinary etching (or non-crystal- 
lographic etching) on the reverse of the substrate 
(so that the apex of the electrode layer formed in 
the conical hole is exposed), thereby forming the 
tip of the cathode, forming an insulating layer so as 
to embed the cathode therein, and covering the 
insulating layer with a conducting layer. Finally, the 
conducting layer and insulating layer undergo etch- 
ing as shown in Figs. 13A and 13B. so that the 
cathode is exposed. 

This process offers an advantage that the coni- 
cal cathode invariably has an acute vertical angle 
and there are no problems involving the residues of 
the intermediate layer 7. However, there still re- 
mains the problem associated with the oxidation of 
the gate electrode which leads to a decrease in 
conductivity. The effect of oxidation is serious be- 
cause the gate electrode is very thin (thousands of 
angstrom). The oxidized gate electrode will not 
operate satisfactorily with a gate voltage of the 
order of tens to hundreds of volts. 

There is an alternative structure as shown in 
Fig. 15. It is characterized by a thin resistance 
layer 12 of silicon interposed between the first 
electrode 11 and the cathode 9. The resistance 
layer 12 has a thickness from several angstroms to 
several microns and also has a resistance of the 
order of hundreds to millions of Q*cm. The resis- 
tance layer 12 permits each cathode 9 to emit 
electrons aj^a constant rate. This will be described 
in more detail with reference to Figs. 14 and 15 
which are schematic enlarged sectional views 
showing an array of field emission cathodes. 

Referring to Fig. 14, there are shown a plurality 
of cathodes 9i and 92 formed directly on the first 
electrode 11, which is not provided with the resis- 
tance layer 12. The electron flow is indicated by 
arrows e. In actual mass production of flat displays 
as mentioned above, the electrodes 9i and 92 will 
vary slightly in size and shape as shown in Fig. 14. 
This variation leads to the fluctuation of the electric 
field strength required for electron emission, which 
in turn causes the emissivity to fluctuate. For ex- 
ample, there would be an instance where the cath- 
ode 9i emits electrons at 50V, while the cathode 
92 needs 100V for electron emission. There would 
be another instance where the cathode 9i alone 
emits electrons at 50V, while the cathode 92 does 
not work at 50V. There would be another instance 
where the cathode 92 emits electrons at 100V. 



while the cathode 9i is broken at 100V." 

If a flat display is made up of field emission 
cathodes which are not uniform in shape as men- 
tioned above, the screen will vary in brightness 

5 from one spot to another on account of the uneven 
electron emission. Moreover, the lack of uniformity 
causes some elements to be broken, which short- 
ens the life of the flat display. 

The foregoing problem does not arise from the 

10 field emission cathode as shown in Fig. 15. It has a 
resistance layer 12 interposed between the cathode 
and the first electrode 11. The resistance layer 12 
gives rise to resistance Ri and R2 between the 
electrode 11 and the cathodes 9i and 92, respec- 

15 tively. It is assumed that when a voltage V 0 is 
applied, the current ii flowing to the cathode 9i is 
larger than the current i2 flowing to the cathode 92 
so that the cathode 9i emits more electrons than 
the cathode 92. In this situation, the cathode 9t 

20 experiences voltage drop due to the resistance Ri , 
and hence the voltage applied to the cathode 9i 
becomes 



25 



30 



V1 = Vo - AVi = Vo -Riii 

Similarly, the voltage applied to the cathode 9? 
becomes 

V 2 = Vo - AV 2 = Vo - R 2 i2 



and Vi becomes smaller than V 2 . A moment later, 
the cathode 9i emits less electrons than the cath- 
ode 9 2 . As the result, the emission of electrons 
from each cathode levels out. In this way, it is 
35 possible to keep uniform the screen of the flat 
display. 

In addition, the resistance layer 12 prevents 
current from flowing freely from the tip of the 
cathode to the second electrode even when an 

40 electrically conductive minute particle of dust gets 
in between them, as shown in Fig. 16 which is a 
schematic enlarged sectional view. This situation 
permits adjacent cathodes to continue emitting 
electrons, with a prescribed voltage applied across 

45 the cathode and the second eleetrode. 

However, the resistance layer 12 will not func- 
tion properly if it has a defect such as a pinhole 20 
as shown in Fig. 17, which is a schematic enlarged 
sectional view, in this case, the pinhole 20 con- 

50 nects the cathode 9 to the first electrode 1 1 and 
hence a short circuit takes place between the tip of 
the cathode 9 and the second electrode 3 when an 
electrically conductive minute particle of dust gets 
in between them. This situation prevents adjacent 

55 cathodes from emitting electrons. 

The foregoing defect is liable to occur in a 
display composed of hundreds of millions of cath- 
odes. In addition, short circuits by dust prevent a 



3 



EP 0 503 638 A2 



plurality of cathodes from emitting electrons and 
hence reduce the life of the display. 

SUMMARY OF THE INVENTION 

5 

It is an object of the present invention to pro- 
vide an array of field emission cathodes of the 
type, in which each element is made up of a 
substrate 1 (which serves as a first electrode 1), an 
insulating layer 2 in which is formed a cavity 6, a to 
cathode 9 formed in the cavity 6 and on the first 
electrode 1, and a second electrode 3 formed on 
the insulating layer 2, characterized in that the 
second electrode is coated with a protective metal 
layer having good conductivity and corrosion resis- 75 
tance. 

According to the present invention, the second 
electrode 3 (or the gate electrode) is coated with a 
highly conductive, corrosion resistant- metal layer 
13. as mentioned above. The metal layer 13 pro- 20 
tects the second electrode 3 from oxidation and 
hence prevents it from increasing in resistance. 
This permits stable electron emission by applica- 
tion of a prescribed low voltage. 

An embodiment of the present invention is 25 
shown in Fig. 6 which is a schematic enlarged 
sectional view. Each element is made up of a first 
electrode 11 to apply voltage to a plurality of 
cathodes 9, a resistance layer 12, an insulating 
layer 2, and a second electrode 3 which are 30 
formed on top of the other, a cavity 6 formed in the 
second electrode 3 and insulating layer 2, and a 
cathode 9 formed in the cavity 6 and on the 
resistance layer 12, with the first electrode 11 hav- 
ing a void under the cathode 9. 35 

According to the present invention, each ele- 
ment of the field emission cathodes is character- 
ized by that the first electrode 11 has a void under 
the cathode 9. This structure offers an advantage 
that no short circuits take place between the first 40 
electrode 11 and the second electrode 3 even 
when an electrically conductive particle 14 of dust 
gets in between the tip of the cathode 9 and the 
second electrode 3, as shown in Fig. 8, which is a 
schematic enlarged sectional view. 45 

The same effect as mentioned just above is 
produced even if the resistance layer 12 has a 
pinhole 20 as shown in Fig. 9, which is a schematic 
enlarged sectional view. 

The field emission cathodes constructed as 50 
mentioned above may be arranged in great num- 
bers to form long-life flat displays in high yields, ' 
because, owing to the resistance layer 12, the 
cathodes 9 emit electrons uniformly and most of 
the calhodes 9 function normally even when part of 55 
them are affected by electrically conductive par- 
ticles of dust 14. 



BRIEF DESCRIPTION OF THE DRAWINGS * 

Fig. 1 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes pertaining to the present invention. 

Fig. 2 is a schematic enlarged sectional view 
showing another embodiment of an array of field 
emission cathodes pertaining to the present inven- 
tion. * 

Fig. 3 is a schematic sectional view showing an 
embodiment of the process for producing an array 
of field emission cathodes pertaining to the present 
invention. 

Fig. 4 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes. 

Fig. 5 is a schematic cut-away perspective 
view showing an embodiment of a flat display unit. 

Fig. 6 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes pertaining to tne present invention. 

Fig. 7 is a schematic enlarged sectional view 
showing another embodiment of an array of field 
emission cathodes pertaining to the present inven- 
tion. 

Fig. 8 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes pertaining to the present invention. 

Fig. 9 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes pertaining to the present invention. 

Fig. 10 is a schematic enlarged sectional view 
showing an embodiment of an array of field emis- 
sion cathodes pertaining to the present invention. 

Fig. 11 is a schematic enlarged sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

Fig. 12 is a schematic enlarge sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

Fig. 13 is a schematic sectional view showing 
an example of the process for producing an array 
of field emission cathodes of prior art technology. 

Fig. 14 is a schematic enlarged sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

Fig. 15 is a schematic enlarged sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

Fig. 16 is a schematic enlarged sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

Fig. 17 is a schematic enlarged sectional view 
showing an example of an array of field emission 
cathodes of prior art technology. 

DETAILED DESCRIPTION OF THE INVENTION 



4 



(NSDOCID: <EP 0S03638A2 I > 



EP 0 503 638 A2 



Example 1 

An embodiment of the present invention is 
explained with reference to Fig. 1, in which there is 
shown a substrate 1 (as a first electrode) which is 
made of silicon or the like. On the substrate 1 is a 
sharply pointed conical cathode 9 made of such a 
metal as tungsten and molybdenum, which has a 
high melting point and a low work function. Around 
the conical cathode 9 is an insulating layer 2 of 
Si02 or SiaN*. On the insulating layer 2 is a 
second electrode 3 (as a gate electrode or a coun- 
ter electrode of the cathode 9) made of such a 
high-melting metal as molybdenum, tungsten, chro- 
mium, and tungsten silicide (WSJ*). The second 
electrode 3 is covered with a highly conductive, 
corrosion resistant metal protective layer 13 made 
of gold or platinum. This metal protective layer 13 
constitutes the feature of the present invention. 

Example 2 

Another embodiment of the present invention is 
explained with reference to Fig. 2, in which there is 
shown a base 1 which is composed of a glass 
substrate 10 and a first electrode 11 in the form of 
conductive layer of aluminum or chromium. (In 
Figs. 1 and 2, like reference characters designate 
like or corresponding parts.) In this embodiment 
the second electrode 3 is composed of a layer 12 
of poly crystalline silicon and a layer 22 of a high- 
melting metal such as W, WSi x . MoSi x , and TiSi x . 
The second electrode 3 is covered with a protec- 
tive layer 13 of highly conductive, corrosion resis- 
tant metal such as gold or platinum. 

The array of field emission cathodes as men- 
tioned in Example 1 above is produced by a pro- 
cess which is explained below with reference to 
Figs. 3A to*3D. 

As shown in Fig. 3A, the process starts with 
forming on the entire surface of a silicon substrate 
1 consecutively an insulating layer (1-1.5 urn thick) 
of Si0 2 or SiaNi by CVD. a metal layer 3a (in 
thickness of the order of thousands of angstroms, 
say 4000 A) of molybdenum or the like, a protec- 
tive metal layer 13 (in thickness of the order of tens 
to thousands of angstroms, say 100 A) by vacuum 
deposition or sputtering, and a resist 4 by coating. 

As shown in Fig. 3B, the resist 4 is subse- 
quently exposed and developed by photolithog- 
raphy to form an opening 5a, about 1 urn in 
diameter (indicated by w). The protective metal 
layer t3 and the metal layer 3a undergo an- 
isotropic etching through the opening 5a by RIE 
(reactive ion etching) to form an opening 5 of the 
same diameter as the opening 5a. Thus there is 
formed a second electrode 3 which is coated with 
the protective layer 13. The insulating layer 2 un- 



dergoes over-etching through the opening 5 to 
form a cavity 6. This over-etching is carried out 
such that the periphery of the opening 5 of the 
second electrode 3 projects from the inside wall of 

5 the cavity 6 in the insulating layer 2. 

As shown in Fig. 3C, the protective metal layer 
13 is coated with an intermediate layer 7 by ob- 
lique deposition in the direction of arrow a (at such 
an angle as to avoid deposition in the cavity 6), 

w with the substrate 1 turning. This intermediate layer 
7 is made of aluminum or nickel, which can be 
removed later by etching. The angle of obliqued 
etching should be 5-20* with respect to the sur- 
face of the substrate 1. The oblique deposition 

is takes place such that the intermediate layer 7 has 
an opening which is smaller than the opening 5. 

As shown in Fig. 3D, a material layer 8 of 
molybdenum or the like is deposited over the en- 
tire surface by vertical deposition so as to form a 

20 conical cathode 9 in the cavity 6. (Since the open- 
ing in the intermediate la^er 7 is smaller than the 
opening 5 on account of the oblique deposition, the 
opening of the material layer 8 becomes smaller as 
the deposition proceeds. This makes the cathode 9 

25 being formed on the substrate by deposition 
through the opening 5 become tapered off with 
time.) 

Finally, the material layer 8 is removed by lift- 
off as the intermediate layer 7 is removed by 

30 etching with a sodium hydroxide solution which , 
dissolves the intermediate layer 7 alone. Thus 
there is obtained a field emission cathode as 
shown in Fig. 1. The intermediate layer 7, which is 
made of aluminum, is easily separated from the 

35 * protective metal layer 13, which is made of gold. 
Therefore, the material layer 8 formed on the inter- 
mediate layer 7 is removed with certainty. 

The thus formed field emission cathode emits 
electrons upon application of a voltage of about 10 5 

40 V/cm or above across the cathode 9 and the sec- 
ond electrode 3, with the cathode 9 unheated. This 
kind of minute field emission cathode can operate 
at a comparatively low voltage, with the gate volt- 
age being of the order of tens to hundreds of volts, 

45 because the conical cathode 9 is about 1.5 urn in 
diameter and several thousand angstroms in 
height 

The field emission cathode pertaining to the 
present invention is characterized by that the see- 
so ond electrode 3 made of molybdenum, tungsten, or 
chromium is covered with the protective metal lay- 
er 13 of gold. Therefore, the second electrode 3 
has improved oxidation resistance and chemical 
resistance which prevent it from fluctuating and 
55. decreasing in electrical conductivity. This is the 
reason why the field emission cathode emits elec- 
trons stably at a low gate voltage of the order of 
tens to hundreds of volts. 
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In addition, the protective metal layer 13 made 
of a highly conductive material improves the elec- 
trical conductivity of the second electrode 3 (as the 
gate electrode). This permits the field emission 
cathode to emit electrons stably even when H ex- 
periences overcurrent. Moreover, the protective 
metal layer 13 protects the second electrode 3 (as 
the gate electrode) from being damaged by re- 
flected electrons or secondary electrons from a 
fluorescent material Therefore, this field emission 
cathode has a long life. 

In the foregoing examples, the field emission 
cathode has the cathode 9 in the form of cone. 
However, the cathode 9 may take on a pyramid 
shape or a ridge having a triangular section and 
extending in the direction perpendicular to the pa- 
per in which Figs. 1 and 2 are drawn. The cathode 
9 may take on any other shape. 

In the foregoing examples, the protective metal 
layer 13 and the second electrode 3 are formed 
simultaneously. Alternatively, the protective metal 
layer 13 may be formed by oblique deposition after 
the removal of the intermediate layer 7 and the 
material layer 8 from the second electrode 3. In 
this case, the angle of oblique deposition should be 
properly selected so as to avoid deposition in the 
cavity 6. 

An array of field emission cathodes pertaining 
to the present invention may be produced by the 
process disclosed in Japanese Patent Laid-open 
No. 160740/1981 (mentioned above), which in- 
volves the crystallographic etching for a single cry- 
stal substrate. In this case, too, it is possible to 
form the protective metal layer 13 simultaneously 
with the second electrode 3 or by deposition in the 
last step. 

An array of field emission cathodes produced 
as mentioned above is applied to a flat display as 
explained below with reference to Figs. 4 and 5. 

Fig. 4 is a schematic enlarged sectional view 
showing a flat display in which the field emission 
cathodes pertaining to the present invention are 
used as electron guns. Referring to Fig. 4, there is 
shown a substrate 10. On the substrate 10 is a 
conductive layer 31 of aluminum or chromium, 
which functions as a first electrode. On the conduc- 
tive layer 31 are sharply pointed conical cathodes 
9 made of tungsten or molybdenum having a high 
melting point and a high work function. The conical 
cathodes 9 are arranged at intervals of, say, 10 
urn, and are surrounded by an insulating layer 2 of 
SiO?. On the insulating layer 2 is a second elec- 
trode 3 of a high-melting metal (such as molyb- 
denum, tungsten, and chromium). On the second 
electrode 3 is a protective metal layer 13 of gold or 
platinum having high conductivity and good corro- 
sion resistance. The second electrode 3 functions 
as the gate 33 for the cathodes 9. Opposite to the 



cathodes 9 is placed a glass plate 35 coated inside 
with a fluorescent material 34, so that electrons 
emitted by the cathodes 9 impinge upon the flu- 
orescent material 34 through the openings 5 

5 formed in the gate 33, as indicated by arrows e. 
Incidentally, the fluorescent material 34 is several 
millimeters away from the protective metal layer 
13, as indicated by L 

A large number of the field emission cathodes 

70 as mentioned above may be arranged in array to 
form a flat display unit as shown in Fig. 5, which is 
a schematic cut-away perspective view. Referring 
to Fig. 5, there is shown a base 1 composed of a 
glass substrate 10 and an aluminum conductive 

is layer 31 which is a narrow strip extending in the 
direction indicated by an arrow x. On the aluminum 
conductive layer 31 is an insulating layer 2. On the 
insulating layer 2 is a gate 33 composed of a 
second electrode 3 and a protective layer 13. The 

20 gate 33 is a narrow strip extending in the direction 
indicated by an arrow y. (The directions x and y 
are perpendicular to each other.) The conductive 
layer 31 and the gate 33 intersect each other to 
form a square region. On this square region are 

25 arranged cathodes (not shown) at intervals of 10 
urn, said cathodes being formed in an insulating 
layer 2 having respective cavities and openings 6. 

Opposite to each square region is one of red 
(R), green (G), and blue (B) fluorescent materials 

30 34 which are arranged sequentially. The fluores- 
cent materials 34 coat a glass plate 35, with a 
transparent conductive layer of ITO (complex oxide 
of indium and tin) interposed between them. The 
glass plate 35 is joined to the base 1 , with a spacer 

35 (several millimeter thick) interposed between them, 
and the space enclosed by them is evacuated to 
about 10 -6 Torr and hermetically sealed. 

To operate the flat display unit constructed as 
mentioned above, a comparatively low voltage from 

40 tens to hundreds of volts (say, 100 V) is applied 
across the conductive layer 31 (extending in the 
direction x) and the gate 33 (extending in the 
direction y), and simultaneously an acceleration 
voltage (about 500 V) is applied across the gate 33 

45 and the ITO conductive layer adjacent to the flu- 
orescent material 34. Upon voltage application, the 
cathodes emit electrons to cause the opposite flu- 
orescent material 34 to glow. In this way, the flat 
display unit operates with a low voltage and hence 

so a low power consumption. 

The above-mentioned display unit may be 
modified such that the fluorescent material 34 is 
about 30 mm away from the gate 33. In such a 
case, the acceleration voltage should be raised to 

55 about 3 kV so that the cathodes 9 emit electrons to 
cause each of the fluorescent materials 34 to glow. 
There is another possible modification in which the 
glass plate 35 is directly coated with the fluores- 

6 
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cent material 34, which is further coated with a thin 
aluminum layer. In this case, it is necessary to 
apply an acceleration voltage across the metal lay- 
er and the gate 33 which is higher than that speci- 
fied above. 

As mentioned above, the field emission cath- 
odes pertaining to the present invention may be 
used as electron guns for a flat display unit In this 
case, they emit electrons stably without being af- 
fected by scattered reflected electrons and secon- 
dary electrons. Moreover, the flat display unit has a 
long life because the electron guns remain stable 
on account of the gate 33 covered with an 
oxidation-resistant surface. 

Example 3 

Another embodiment of the present invention is 
explained with reference to Figs. 6 to 10. Referring 
to Fig. 6 t there is shown an insulating substrate 10 
made of glass of the like. On the insulating sub- 
strate 10 is a first electrode 11 which has a circular 
opening 11a (several to 10 urn in diameter). On the 
first electrode 11 is a resistance layer 12 of silicon 
having a thickness from tens of angstroms to sev- 
eral microns and a resistance of the order of hun- 
dreds to millions of Q'cm. On the resistance layer 
12 above the opening 11a of the first electrode 11 
is formed a sharply pointed conical cathode 9 
made of such a metal as tungsten and molyb- 
denum, which has a high melting point and a low 
work function. Around the conical cathode 9 is an 
insulating layer 2 of SiCfe or the like, which has a 
cavity 6 with an opening 1-1.5 um in diameter 
(indicated by w). On the insulating layer 2 is a 
second electrode 3 (as a gate electrode or a coun- 
ter electrode of the cathode 9) made of such a 
high-meltings metal as molybdenum, tungsten, 
niobium, and tungsten silicide (WSi x ). 

The array of field emission cathodes as men- 
tioned above is produced in the following manner. 
First, an insulating substrate 10 of glass or the like 
is coated with a metal jayer of aluminum or the like 
by vacuum deposition or sputtering. In the metal 
layer is formed a circular opening 11a several urn 
to 10 urn (say, 10 urn) in diameter by photolithog- 
raphy. Thus the metal layer functions as a first 
electrode 1 1 (or base electrode). The first electrode 
1 1 (and the substrate exposed through the opening 
in the first electrode 11) are. coated with a resis- 
tance layer 12 of silicon by vacuum deposition or 
sputtering. This resistance layer has a thickness of 
the order of tens of angstroms to several microns 
(say, 50 A) and also has a volume resistance of the 
order of hundreds to millions of Q'cm (say. 500 
0*cm). The resistance layer is coated with an 
insulating layer 2 (1-1.5 urn thick) of SiCb, SiaN4. 
or the like by CVD (chemical vapor deposition). 



The insulating layer 2 is coated by vacuum deposi- 
tion or sputtering with a metal layer of tungsten, 
molybdenum, niobium, tungsten silicide (WSix), or 
the like (having a thickness of the order of thou- 

5 sands of angstroms, say, 4000 A). In the metal 
layer is formed by photolithography a circular 
opening 5 about 1 um in diameter (indicated by 
w), which is just above the first electrode 1 1 (that 
is, the center of the opening 5 coincides with the 

w center of the opening 11a). Thus the metal layer 
functions as a second electrode 3 (or gate elec- 
trode). The insulating layer 2 undergoes anisotropic* 
etching by RIE through the opening 5 so as to form 
a cavity 6. On the second electrode is formed a 

75 peelable layer from aluminum or the like which can 
be easily removed by etching in the subsequent 
step to remove the layer of the cathode material 
mentioned later. This peelable layer is formed by 
oblique deposition at an angle of 5-20* to avoid 

20 deposition in the cavity 6, with the substrate 10 . 
turning. The peelable layfer is coated by vertical 
deposition with such a material as tungsten and 
molybdenum which has a high melting point and a 
low work function. This material deposits on the 

25 resistance layer 12 through the opening 5 to form 
the cathode 9. (Since the opening in the peelable 
layer is smaller than the opening 5 on account of 
the oblique deposition, the opening of the material 
layer becomes smaller as the deposition proceeds. 

30 This makes the cathode 9 being deposited through 
the opening 5 become tapered off with time.) Fi- 
nally, the material layer is removed by lift-off as the 
peelable layer is removed by etching with a so- 
dium hydroxide solution which dissolves the peela- 

35 ble layer alone. In this way, there is obtained a field 
emission cathode as shown in Fig. 6. 

According to an alternative process, the cavity 
6 is formed by isotropic etching through the cir- 
cular opening in the second electrode 3. In this 

40 case, the overetching of the insulating layer 2 
causes the periphery of the opening 5 of the sec- 
ond electrode 3 to project from the inside wall of. 
the cavity 6 in the insulating layer 2. 

The field emission cathodes constructed as 

45 mentioned above are not seriously damaged by 
dust coming into contact with them. This is ex- 
plained below with reference to Figs. 8 to 10. 

In the case of the field emission cathode 
shown in Fig. 8, which has the resistance layer 12 

so between the cathode 9 and the first electrode. 1 1 , 
there is no fear of short circuit between the first 
electrode 11 and the second electrode 3. even 
when an electrically conductive particle of dust 
gets in between the second electrode 3 and the tip 
55 of the cathode 9. Other cathodes remain unaf- 
fected. 

In the case of the field emission cathodes 
shown in Fig. 9. which does not have the first 



7 



13 



EP 0 503 638 A2 



14 



electrode 11 under the cathode 9 but defectively 
has a pinhole 20 through which the bottom of the 
cathode 9 is in contact with the substrate, there is 
no fear of short circuit between the first electrode 
11 and the second electrode. 3, even when an s 
electrically conductive particle of dust gets in be- 
tween the second electrode 3 and the tip of the 
cathode 9. Other cathodes remain unaffected. 

In the case of the field emission cathodes 
shown in Fig. 10, which defectively has the resis- io 
tance layer 12 partly uncoated in the cavity 6 so 
that the cathode 9 is in direct contact with the 
substrate 10, there is no fear of short circuit be- 
tween the first electrode 11 and the second elec- 
trode 3, even when an electrically conductive par- 75 
tide of dust gets in between the second electrode 
3 and the tip of the cathode 9. Other cathodes 
remain unaffected. 

As explained above with reference to Figs. 8 to 
10, the field emission cathodes pertaining to the 20 
present invention offer an advantage of being com- 
pletely free from short circuits between the first 
electrode 11 and the second electrode 3. The 
presence of some pinholes 20 as shown in Fig. 9 
and the partial absence of the resistance layer 12 25 
as shown in Fig. 10 are inevitable in the production 
of hundreds of millions of field emission cathodes 
arranged at intervals of about 10 um for use as 
electron guns of a flat display unit. Even such 
defective field emission cathodes are completely 30 
free from short circuits between the first electrode 
1 1 and the second electrode 3. Even though some 
of the cathodes become inoperative due to dust 
sticking to them, other cathodes remain normal and 
hence permit the application of a prescribed volt- 35 
age. This advantage leads to improved production 
yields. 

Incidental^, in the above-mentioned examples, 
it is desirable that the cathode 9 be as close to the 
first electrode 1 1 as possible so as to avoid voltage 40 
drop and to prevent the resistance layer 12 from 
getting hot when a gate voltage is applied across 
the cathpde 9 and the second electrode 3 through 
the resistance layer 12. It follows, therefore, that 
the opening 1 la should be several um to 10 um in 45 
diameter. 

The foregoing embodiments may be modified 
in several ways. For example, the opening 5 of the 
second electrode 3 may be square instead of cir- 
cular and the cathode 9 may be pyramid instead of so 
conical. Alternatively, the opening 5 may be in the 
form of slot (extending in the direction perpendicu- 
lar to paper) instead of a circular hole and the 
cathode 9 may be in the form of ridge (extending 
in the direction perpendicular to paper) instead of a 55 
circular cone. The opening 11a of the first elec- 
trode 11 may be square instead of circular. It is 
possible to form a single opening 11a for a plurality 



of cathodes 9 instead of forming an opeYiihg 11a 
for each cathode 9. In this case, the hole 11a 
should be formed such that its periphery is several 
um away from the individual cathodes 9. 

In the foregoing embodiments, the resistance 
layer 12 is made of silicon; but silicon may be 
replaced by any other semiconductor having a 
volume resistance of the order of hundreds to 
millions of Q'cm. The resistance layer 12 permits 
the applied voltage to be controlled according to 
the current which increases or decreases. This 
prevents the uneven emission of electrons which 
results from the variation of the cathode shape and 
also permits the substantially uniform electron 
emission. 

Claims 

1. An array of field emission cathodes of the 
type, in which each element is made up of a 
substrate which serves as a first electrode (1), 
an insulating layer (2) having a cavity (6) 
formed therein, a cathode (9) formed on the 
first electrode (1) and in the cavity (6), and a 
second electrode (3) formed on the insulating 
layer (2). wherein the second electrode (3) is 
coated with a protective metal layer (13) hav- 
ing good conductivity and corrosion resistance. 

2. An array of field emission cathodes which 
comprises a first electrode (11) to apply volt- 
age to a plurality of cathodes (9), a resistance 
layer (12), an insulating layer (2), and a second 
electrode (3) which are formed on top of the 
other, said second electrode (3) and said in- 
sulating layer (2) having a cavity (6) therein, 
each of said cathodes (9) being formed in a 
respective cavity (6) and on said resistance 
layer (12), and said first electrode (11) having 
a void under each of said cathodes (9). 
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© The array of field emission cathodes of the type 
in which each element is made up of a substrate 
serving as a first electrode (1) comprises an insulat- 
ing layer t2) in which a cavity (6) is formed, a 
cathode (9) formed in said cavity (6) and on the first 
electrode (1), and a second electrode (3) formed on 
the insulating layer (2). The second electrode (3) is 
coated with a protective metal layer (13) having 
good conductivity and corrosion resistance. The sec- 
ond electrode (3), i.e. the gate electrode is thus 
protected from oxidation and permits stable electron 
emission. 

Also disclosed is an array of field emission cath- 
odes in which each element is made up of a first 
electrode (11) to apply voltage to a plurality of 
cathodos (9), a resistance layor (12), an insulating 
layer (2), and a second electrode (3) which are 
formed on top of the other. A cavity (6) is formed in 
the second electrode (3) t i.e. the gate electrode and 
the insulating layer (2), and a cathode (9) is placed 
in each cavity (6) and on the resistance layer (12), 
with the first electrode (11) having a void under the 
respective cathode (9). This structure prevents short 
circuits between the cathode (9) and the gate elec- 



trode (3), which contributes to high yields and long 
life. 
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